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(54) PRODUCTION OF AROMATIC POLYESTERS 

(71) We, IMPERIAL CHEMICAL INDUSTRIES LIMITED, of Imperial 
Q>emical Hous^ Millbank, London S.W.I., a British Company, do hereby dedaie the 
invention, for which we pray that a patent may be granted to us, and the mediod by 
wtdch it is to be performed, to be particulariy described in and by the following 

5 statement : — 

This invention relates to the production of highly polymeric polyesters of 
aromatic dicarboxylic adds and dihydric alcohols. 

Highly polymeric polyesters of aromatic dicarboxylic adds and dihydric alcdiols 
are known to be useful thennoplastic materials capable of conversion to films, fibres 

10 and moulded artides having a desimble combination of physical and chemical pro- 
perties. Examples of such polyesters are those prepared, for example^ from tere- 
phthalic add or l,2-di(p-carboK5^enoxy)ethane and ethylene glycol or butane^l,4- 
diol or l,4-dihyxiroxyme5iylcydohexane. 

Many processes have \xai proposed for the production of these polyesters but 

15 in general they proceed via the formation of the bis(dihydric alcohol) ester of the 
aromatic dicarboxylic add and the polycondensation of this intennediate to highly 
polymeric polyester with loss of dihydric alcohol by heating in a molten state under 
reduced pressure. The bis ester may be formed, for example, by reaction of the 
aromatic dicarboxylic add or of an ester-forming derivative thereof, e.g. a dialkyl ester, 

20 with the dihydric alcohol, or by reaction of the dicarboxylic add with an ester-fonning 
derivative of the alcohol e.g. ethylene oxide of ethylene carbonate in the case of 
ethylene glycol. The process of reacting the add with the dihydric alcohol is generally 
referred to as direct esterification while reacting a di-ester of the add with the dihydric 
alcohol is generally referred to as trans-esterification, 

25 Both the process of forming the intermediate and its conversion to highly 

polymeric polyester by polycondensation are generally aided by the use of catalysts 
which are generally metals or derivatives thereof. In most conventional processes, 
different ca^3rsts are used for the preparation and polycondensation. In accordance 
with the present invention we provide a process using a novd class of catalyst for 

30 the polycondensation and in many cases the same catalyst may also be used satis- 
factorily in the preliminary trans-esterification reaction to produce the intermediate. 

So as not to modify, dilute or lose the highly desirable characteristic properties of 
the highly polymeric polyesters of dihydric alcohods and aromatic dicarboxylic acids, 
it is usually prdFerred that the polycondensable material consists substantially entirely 

35 of one or more bis(dih)ndric alcohol) esters of aromatic dicarboxylic acids. However, the 
presence of a small concentration of other polycondensable material may be tolerated, 
if desired, for example to improve dyeability. For sample, up to about 5 mole % 
of the dihydric alcohol moiety in the bis ester or esters may be replaced by at least 
one other polycondensable dUiydroxy compound and/or up to about 5 mole '% of 

40 the aromatic dicarboxylic acid moiety may be replaced by at lease one other di- 
carboxylic add. Up to about 5 mole % of the polycondensable mixture may also 
consist of other mono- or polyfunctional material, if desired, e.g. monohydric alcohols 
and/or their esters with the dicarboxylic adds;, amine and/or diamines and/or their 
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amides wtih the dicarbozyUc adds, aminoafcohok and/or ^J°^2%rC!S 
wW, the dicarboxylic acids, and/or aminoaads, h>'dnKy aads, hcems aad/or WctMi« 

prUuas with the dicarboxyiic acids ^f^Ar ihydnc 
^cohob. However, it is usuaUy preferred that at least 85 mole %' Pg^J^^I 5 ^ 

least 95 mole Yc of the pol>xondensable mixiuie consists of bis(dihydnc alcoftoi; s J 

ester of aromatic dicarboxyiic acid. „^ j, nrm-^ss for the mo- " 

Thiit accordine to ±e present mvenuon, we provide a process ror me pn>- 
ductiS^^f by Ae^^ndensation of polycondensable matenal at least 

85 mole V Rhfch cK of a least one bis(dihydric alcohol) ester of an aiomanc 
SLrttyUc ia?to Xh said polycondensauon is effected in f£ 
esscnual catalysii of at least one simple or polymenc compound .'^"'"'"g 
fractal atck^attached to at least one anionic Lgand, Ae ranammg c«w«d^naD^ 
valency requirements of the metal atom being satisfied by one or more other 
ligands, the said anionic ligand being the anion of an aad having the structure I, 



X, 

I 

H— O— Z=0 

I 

X. 



where X, is —R or —OR, and Xj is R or a group of structure II, 



X, 

_R'_-i_o- 



II 



15 



where R is a monovalent hydrocarbyl group or sutentuted derivative hereof, R 
is a divalent hydrocarbon group or diether groua or subsnmted derivative thereof, and 
20 Z is a Group Vb element having an atranic number greater than 7. .^,„^^ 
^ Exampks of R are alkyi, aralkyl, aryl and alkaryl groups where aU^yl mchid« 

cvcloalkyl Preferably R has 1 to 8 carbon atoms, e.g. as m methyl, «hyl, isomenc 
iso^ric bujl. hexyl. c>xdohexyl. octyl. phenyl^ ben^l '-^fj^y^:''°^^ 
while it is preferred Aat R contains not more than «fht caAon atom^ tte p^^^^ 
in R of more than eight carbon atoms, eg. as in decyl, dc^ecyl f ^ naphtiiy ^s not 
excluded. One or more of the hydrogen atoms m R «>ayj« teplaced. if dearrf^/ 
odier monovalent atoms or groups, eg. hal|dc, —NR^R , — ^0=',— 

roOR^ — COR=, — 0R% — SO.OR'' or -OSO-R" wterc each of R» and R is 
l^SSn orVSonovalent hydrocaibon radical, e.g. having 1 to 6 "rbcm atoms^ U 
mTte found piefeiable that die substituted groups (if any) are free of Zerc>«tmoff 
hydrogen if reaction of the catalyst with die polycondensable mixture is to be avoided. 
'^^SpleTof R' are alkylene groups and dioxyalkylenc groups having from 1 to 8 

^^^r^ rtt-tr 'JrlSy" arsenic but the use of the heavier 

-fbrSe or polymeric and die polymeric <^VO^J^ 
be lin^, braidhed or reticulated. In some cases the ligand I is ^^Jl^^^. 
meal auin, but more often, die ligand behaves as a bidenote hgand f^'^BJ^^F^ 
atoms In diis case it is usual for several metal atoms to be joined by a .sen« of 
40 bidenme catenating ligands I forming dimeric, oligomeric °^.P?^y^^.^'fJ^yt 
^ the compound may be homopolymeric or copolymcnc and m die latter case Ae 
nature of the metal atom and/or of the monovalent anionic bidentate catenatmg hgand 
mS vary from unit to unit in the repeat units. Where adjacent metal atoms are hnfad 
toeether by more than one catenating Ugand, die catenating hgands withm e^ repeat 
^t may be Ae same or different and any additional catenatuig hgands odier dian 45 
^ r fSf nSr te oX tiian of the kind specified. In general, it is P«fened that die 
pSySc com^ds are soluble in the polycondensable mixture and for this reason 

*'=Tist^iT«f^'S'»^^^^ for use as a catalyst in accoijance widj 
50 our invention is aich that the molecule contains at least two metal atoms and that each 50 
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is linked to its ndg^ibour by a centenadng monovalent anionic bidentate ligand as 
specified dx>ve. In otiier words^ the ccunpound preferably contains rq>eat units of the 
structure III, 



M 



(-0 - 



X, 
I 



M 



I 



m 



10 



15 



where Z, X, and have the possibilities and preferences described above;, each M 
represents a metal atom and the metal atoms may be the same or dif<erent> die dotoed 
line represents a delocalised charge, a is a positive whole number between 1 and 4, and 
b is a postive integer which may be 1 or mor^ and may be very much greater than 
1; e.g. 10, 50 or even higher. Thus, simple compounds, oligomers and low and higjh 
polymers are envisaged, e.g. having a number average molecular weight of 5000 or 
even greater. However best yields of polyescer are usually obtained using materials 
of molecular weight of 4000 or less. 

While a structure III may be one, two, diree or four, it is most preferably two. 
In other words, the compounds pieferably are of the kind which contam the structure 
IV, 



M< 



V 



M 



IS 



and may be monomeric, oligomeric or polymeric. 

In structures III and IV, each M may be any suitable metal atom and may have 
associated therewidi one or more other ligands, depending upon its outstanding valency 

20 and co-ordination requirements. Thus, for example, where the compound is of the 
preferred kind containing the structure IV, and b is one, each M atom has n-2 
further co-ordination sites available where in is its co-ordination number. Where b 
is greater than one, each intra-chain M (that is an M which is not at the end of a 
chain) has n-4 funher co-ordination sites available. The total charge on the ligands 

25 associated with these extra co-ordination sites will depend upon the valency of the 
metal atom. Thus, where b is one the total charge of the ligand or ligands associa- 
ted with the additionally available co-ordination sites on each metal atom M will 
be m-1 where m is the valency of the metal atom. Where b is greater than one, the 
total charge of the ligand or ligands associated with the additionally available co- 

30 ovdination sites on each intra-chain metal atom M will be m-2. 



1338.091 

Thus, the prefened compounds containing die structure IV may be represented 
in full by the structure V below. 



V 

X, X, 



X, Xi 



where each M is a metal atom having a valency of m and a co-ordination number of n, 
5 and the metal atoms may be the same or different, each L represents a neutral or 
anionic mono or polydentate Ugand, x and y represent the total deniadty of the Lgaid 
or ligands attached to each metal atom such that 7 equals n-2 and y equals n-4, p and q 
represent the total charge over the Hgand or ligands attached to each metal atom aich 
that q equals m-1 and p equals m-2, each X, is — R or — OR and each Xa is — R where 
10 R is preferably a monovalent hydrocarbyl group, preferably containing 1 to 8 carbon 
atoms, but may also be a substituted derivative thereof, each Z is an atom of a 
Group Vb element having an atomic number greater than 7 and is preferably phos- 
phorus or arsenic, and b is a positive whole number. 

The ligands attached to the metal atoms may be neutral or mono- or polyvalent 
15 anionic and mono- or polydentate. In the case of polydentate ligands, they may 
bridge adjacent metal atoms and may produce a branched or reticulated structure 
by linking adjacent chains. 
Examples of M include 

(a) divalent tetracoordinate, e.g. Ca-% Zn^\ Mn^'^ Co=% Cd}\ W 
20 (b) divalent hexacoordinate, e.g. Mn-"^ 

(c) trivalent hexacoordinate, e.g. Mn^% Ti'^ La '^ hV\ Sb-^+ 

(d) tetravalent hexacoordinate e.g. Sn^'^ 

(c) tetravalent octacoordinate e.g. Ce^% Th'^ Ti' % Zr*^. 

Examples of ligands other than the specified catenating ligands that may be asso- 
25 ciated with the metal atoms in the compounds include monodentate neutral ligands, e.g. 
CO, H.O, NH, and molecules having the structure R'R'R'Y or R^R^R«Y:0 where 
each R^ R'' and R'^ is a monovalent hydrocarbyl or hydrocarbyloxy group, preferably 
having one to eight carbon atoms e.g. as in methyl, ethyl, propyl, butyl, hexyl, octyl, 
phenyl, tolyl, benz>'l, methoxy, ethoxy, propoxy, butoxy and phenoxy, and Y is phos- 
30 phorus or arsemc; monodentate anionic ligands, e.g. hah'de especially chloride, m'trate, 
nitrile, hydroxyl, thiocyanate, cyanate and isocyanatc; neutral bidentate e.g. ethylene 
diamine; and monovalent anionic bidentate, e.g. anions of monocarboxylic acids, anions 
of enolisable compounds such as acet>'lacetonates or am'ons of bisphosphinates or bisar- 
sonate. 

35 Spedfic examples of compounds that may be used as catalysts in accordance with 

this invention are simple compounds having the structures VI and VII. 
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and pdymeric and cc^ymeric compounds having repeat units of the structure VIIL 



H ^3 



and/or 



X4 X3 



3zni 



10 



15 



20 



where each M, is a, Zn, Ain or Co, each is Ti or Zr, each Z, is P or As, each 
X, js a monovalent hydiocarbon group having from 1 to 6 carbon atoms, eg. meihyL 

ul^^" fnim 1 to 6 carbon atomVan alkoxy or cydoalkoxy 

ffiti^T»!,Sr ?J1? ^ P'"^**^?' and L= are monovateX.^ 

S^^W'iif^ ftom carboxylatei acetylacetonate and anions of acids having 
hati^Si^ where Z is P or As, each R is a monovalent hyditxrarbon grouS 
frlS'^tT'' V '^^ monovalent ani^nicmonodatate 

eSS»f from.carboxy ate, acetylacetonate, hydrocarbyloxy having from 1 to 8 

caiton atoms and amons having the stnictm* I above where Z is P or As each R fe 
^^Tf hydrocarbon group having from 1 to 8 carbon ^^lT^L 
togethw form a bis phosphonate or bis phosphinate ligand. w 1., ana 1.^ 

The catalysts of the invention may be prepared in a number of wavs and it h5.< 
their catalytic effiaencym the process of ihe invention mc cueci upon 

those &^,^2'tfc ^f^S the camlyst, which is especiaUy suitable for fonning 
2h of ±^ '^''t^"' tetiacoordinate, is to react a soluble simple or cSel 

S^-ntS^^sSre fin an'^S/^''''^'^^"?^^^^' "^'"^ acetat,^ with 
^S^B^^ or Zh^rr^-^f^°'^ fT"^^ liquid which is a solvent for both.the 
rSf^red to «amnl.^ basic catalyst, e.g. pyridina The product may then be 

Eon .telSr/i^ of centrifuiition or 

Bttraaon, oependmg on whether or not the orgamc liquid is a solvent for the ™Zn<ir 

25 te^^liTfr''/' "'^ temperaL:, pi^erably Sl^'S fihS 
&jLTsSentsS'lS;htiT r,*" ^'f'^e teiperaturfof &e SvS 
hMwiSn„^\.!,i ^ 3"Phauc alcohols, eg. ediano , aromatic hydrocarbons, cb 

JS^^iutp^d'l^n'^'^ "-f The mole^ar weight SS^.^ 

tK«e^"'^Wrl,°!^^•'*^P'^"'°« *f ^hich is also suitable for fbrmine 

I 

-=o 



where R; is monovalani hydrocarbyl, for ac-mple, an alkyl group containing from 1 
to 3 carbon atoms. This reacuon may require more foidng^onSitiras. for examole 
heatmg 4e reagents at elevated temperatures of at least IM-C and^erSbirm^C 
or even higher A «,lyent may be used if desired and examples of sJdible sobente are 
ethytoe glycol and its monomethyl ether. The polymeric products of this reacu^ 
generally appear to be more cflfecuve pdyoondensation catalysts than those of the fiS 
and for this reason diis process is preferred. We have found that this method fec^ 
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icacdrai to form the ^talpt , ^ ^ ^ ^^id of structure 

Another very effective method « to heat *e ™«^^ p„,y. 

5 I unta fusion occurs. Possftly ^^°„^ Yet another method involves 

Structure 

X' X' 
^P— R'— P 

conpomd wift «i acid »f " „ aT.fc»a" d "P <• «-8- 

of 60 to ISO-'C are prefened. aoolicable to die production of any 

Not all the above ^escnbed pro«ss«^> ^ P ^ 

particular catalyst but m Sfnerd ea* of^ o^Sus iScatiob th^f- , 
one or more of the above deK'*«d jproc^ "ataU^t^ be used to aid die poly- 
In accordance widi our ^"^^^.^^ ^^"^^^^^il^blt mixtures consisting 
condensation to hi^ly f°^^,^^jIjS ^Z^^airboxyiic acids. It is 
mainly or entitdy of b.s(d^drtt J^g,«^««/'f^Sfin Groups II, IH, IV or 

co^iJig b"* ^d Co- i" ^^^PL^-^I^Kcr^^^^ the pro- 

In some ^''^^^ ''^tl^T^J^%V ^^^^ ^JJ ?T 

ducdon of die bis(dihydric alcoho ) esor of uie aro ^ 
esterification. Whether or not J^s p^bte dep«^ds i ^ ^^^j^ 
catalyst. Zinc. mangan«^ wdium, calw ester interchange as weU as 

landianum, lead and cadmium arc.capaDie oi raw > ^ compound is added to die 
^lycondensation. It is »"yX/^ th^Tat^ £ Ae ^commencement, of the 55 
« iaS^ Sot'^rS^Ae io^i has attained an intrinsic viscosity 
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According to a further a^ect of die invention, therefore, we provide a process for 
the producticHi of polyesters in which a bis(dihydric alcohol) ester of an aromatic di- 
carboxylic acid is prepared by ester interchange between a dialkyl ester of the aromadc 
dicarbozylic add and a dihydnc alcohol, said ester interchange being catal3rsed by the 
5 catalyst hereinbefore desciibedi the metil being selected from zinc, manganese;, cal- 5 
dmn, sodium, titanium, aluminium, lanthanum, lead, cobalt, iron and cadmium, and 
in which the bis(dihytiric alcohol) ester of an aromatic dicarboxylic add is then con- 
verted to polyester by polycondensauon, the same catalyst bdng used in the poly- 
condensation nacdoa, 

10 The invention is espedally applicable to the production of pol5resters wherein the 10 

dicarboxylic add component is at least 80 mole % terephtbalic add but other aromadc 
adds may also be used. Examples of other aromadc dicarboxylic adds indude Iso* 
phdialic add and dinudear dicarboxylic adds, eg. rq>resented by the structure XI 




15 where A is a direct link or a divalent atom or group which is inert under present reac- 15 
tion conditions. 

Examples of dihydric alcohols that may be used are o>v-ptdymethyleae glycols, 
espedally diose having die structure HO(CH2)xOH where x is from 2 to 10 eg. ediyl- 
ene ^ycol and butane-l,4-diol, branched aliphatic diols e.g. 3,3,5-trimethy2hexane- 

20 1,6-mol and neopentyl glycol, and alicydic diols e.g. l,4^^ydroxymethyl)Hcydo- 20 
hcxanc and 2,2,4,4-tetramethyl cyclobutane-l,3-dioL 

The catdyst may be used in amounts of from 0.00001 to 1% by wdght of the 
add component (i.e. acid, dialkyl esters thereof or bis glycol ester thereof) in the reac- 
tion mixture, the preferred concentration being in the range 0,005 to 0.2% by wdght 

25 lliou^ with many titanium based catalysts 0.0001% by weight gives giood results. 25 
With the use of the catalyst in these concentrations, rapid reactions may be achieved. 
Moreover, with the use oif many of the catalysts of our invention the darity of die poly- 
ester mdt has been observed to be better than that of high molecular weight polyesters 
obtained from many processes using conventional catalyst systems, e.g. based on metal 

30 acetates and metal oxides. Larger amounts of the catalyst may be used if desired but 30 
any furdier benefit in reaction rate that is obtained may be offset by discolouration in 
the polyester product With the use of much smaller amounts, litde or no benefit is 
obtained. 

CSonventiooal reaction conditions may be used for the production of the bis glycol 
35 ester or oligomer and its subsequent polycondensation and odier additives may be in- 35 
duded before, during or after the reactions, e.g. for ddustring, stabilising, pigmenting 
and/or otherwise modifying the high molecular feight polyester product 

The invention is now illustrated by the following Examples in which all parts are 
expressed as parts by wdght 

40 EXAMPLES. 40 

A. Preparation of Reagents 
General Procedure 

All mdting points were carried out on a Kofler block mdting point apparatus 
and mean molecular wdghts were calculated by vapour pressure osometry. Volatile 

45 distillates were analysed by mass spectrometry, on a MS9 instrument and by g.l.c. 43 
on a Perkin-Elmer Fll instrument, using a 6' porapak R column at 180°C and a flow 
rate of 50 mls./min. The n.m.r. spectra were run on a 220 MHz instrument. Rdative 
viscosities were measured in an Ostwald U-tube viscometed using a 1% solution in 0- 
chlorophenol and the intrinsic viscosities therefrom. 

50 Cacodylic acid (dimethylarsinic acid), caldum, cadmium, chromous, cobaltous, 50 

copper, lanthanum, lead, magnesium, manganous, nickd, sodium' and zinc acetates, 
were all Laboratory Reagents from B.D.H. Ltd. Zinc and vanadyl acetylacetonates 
were obtained from Koch-Light Ltd. and Alpha Inorganics, respectivdy. Diphenyl- 
phosphinic add originated from Albright and Wilson Ltd., and was xecrj^tallised from 
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absolute ethanol before use. Cadmium, lanthanum, ferric and ^^^""J^^^ 
ates, stannous acetnte, and ±e other phosphorus and arsenic compounds were prepared 

""^xTi^Ttnd dimedivlterephthalate were 'polyester grade' 'DE mono- 
mer * h R^^ct of the direa ^^sterification of terephthaUc acid with ethylene glycol. 

B. Preparation of Catalyst 

^ xi/^SS^ds used as catalj-sts were prepared by one «f the four fallowing 

MelS" A: By stirring the starting materials, i.e. metal salt, and acid or ester under 
an inert atmosphere in absolute ethanol at reflipt. 

Method B: By stirring the starting materials m hot ethylene glycol, wi± a smaU 
nitrogen flow to remove the volatile materials. 

JVIethod C: By stirring in the absence of solvent with a smaU nitrogen flow to re- 
move die volatile materials and finally evacuation. 

Mediod D: Interfacial poljinerisation in water/toluene. j«^i«h m 

The preparation of Various zinc phosphinates and phosphonates «s dwoibed m 

detaU below kd the preparation of odier compounds is ^''"^'^ "'J.f^'^J^? J; 

Preparation of poly(^c methylphenylphosphlnate) by method A (JACS (1964) 84 

zlS^^cetate dihydrate (1.1 parts) and mediylphenylphosphinic arid_ (1.56 part) 
were^^ "irouslv for one hour in absolute edianol (300 parts). A white sohd «^ 
dS^ted. sep^ted by filtration, washed three times with absolute edunol (25 pam) 
a^vacuim dried to give the zinc phosphinate pol>-mer (1.15 parts, 61% yield) num- 
ber average molecular weight, (Mn) 4900±5%. This white sobd became a .^ss « 
a5.iStdy 130'C andToftaied at about 195-C to give a melt from which long 

-.r'^^trum (CDCl,) showed a doublet at 8.63. (P-^e) and 
muWplets at 2.80 and 2.40r due to m-, p- and o-phenyl protons respectively. 
Anal: Found: C, 44.17; H, 4.31; Zn, 16.4% 
Olcnlated for [C..H.,0,P,Zn]. : C, 44.70; H, 4.29; Zn, 17.36% 

Preparation of poIy(zinc phcnylmethylphosphinate) by "^f thod B 
8.8 parts of zinc acetate dihydrate and 14.0 parts of methyl Ph«>yl(methyl)- 
phosphinfte were refluxed in cdiylene glycol (50 parts) under "Vtrogen for 3 houre m 
a reaction vessel fitted wi± a distillation unit and a mtrogen mlet posmoned below 
- dJ^"f A* r^mts. During the reaction, volatile by-products consisung of 
S^dSSf meriiracetate, some ethylene glycol and water distiUed from 
nSe After cooling, die solid reaction product was faltered from die gly«>l- 
^t^at 110-^14°C and was confirmed by infra-red spectroscopy and nuclear 
^^^tic resoLi as Wzinc phenytaiediylphosphlnate) believed to have the repeat 
unit 
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C6H5 XH3 

> 

CH3/ ^C6H5 



< 



The molecular weight was calculated as ]^„ — 1240±10%. 
Anal: Found C, 44.60; H. 4.35; Zn, 15.63 /„ 

using a temperature of200°C. 



45 
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Reaction of Zinc acetate wiA di-isopropyl metfaanqifaoqriumate 

(a) 1 : 1 molt ratio — Preparation of dimenc product 

Zinc acetate dihydrate (22 g, 0.1 mole) and di-isqpcopyl m^iane pho^honate 
(18^ g, 0.1 mole) were reacted by mediod C, for one hour at 160°C Volatile by- 
5 products (15^ g.) were collected in a cooled receiver and g.Lc. analysis and mass 5 
spectra showed this to contain a 1 : 1 mixture of isoprepyl acetate and iswropyi alcohol 
as well as the water from the hydrate. Theoretical amount of water and isopropyl ace- 
tate should have been 13.8 g; the excess wdg^it of distillate was pn*ably doe to some 
pho^E^Kmate having distiUed, The residue (23.5 g, 90% yield) had Mn 530ti:25 and 
on is. qjectrum consistent with a zinc nsono-acetate mono^hosphonate dimer. The 10 
njn-r. spectrum (in CE^^OD) ^xowed a doublet at 8.75r (CKU of isopropyl group), a 
doublet of 8.63r (CEIa on P=0), a stnglet at 8.0r (CH, on acetate) and a multiplet 
at 5.4r (CH on isopropyl group). Peaks at 7.1t, 2.7r, 4.6r and 4.8r were due to 
mipunties. 

15 Anal : Found : Q 26.2; H, 5.04; P, 13.14; Zn, 22.30% 15 
Calculated fw C,^2^tJ?axi2 : Q 27.5; H, 4.9; P, 11.85; Zn, 25.02% 

(b) 2 : 1 mole ratio : Prqiaration of poly(zinc isopropyl methanq)hx>sphojiate) 
Zinc acetate dihydrate (4.4 g., 0.02 mole) and di-isopropyl methanq>ho^honate 

(7.2 g., 0.04 mole) were heated as described above for the reaction with mole ratios of 
20 1:1. The distillate (4.3 g.), was shown to consist of a mixture of isopropyl alcohol and 20 
Kopropyl acetate (1:2), by g.l.c analysis. The residue (6.4 95% yield) had Mn 
2,000d=120 and an i.r. spectrum consistent with a poly [zinc isopropyl mediane- 
phosphonate]. 

Preparation of poly(2inc diphenylpho^hinate) by interfacial polymerisation (method 
25 D) 25 

Zinc acetate dihydrate (2.195 parts) in water (100 parts) was mked with diphenyl- 

phosphinic acid (4.4 parts) in toluene (200 parts) and the mixture agitated rapidly 

at room temperature for one hour. The white solid was then filtered, washed with 

edianol (200 parts) and dried at SO^C 
30 Yield: 3 parts (60%). 30 

C General Procedtare: Polymerisation 

In most cases dimethyl tercphthalatc and ethylene glycol were used as the starting 
material and the catalyst was used for both ester interchange and polycondensation. 
Ester interchange was carried out in a glass vessel fitted with an efficient distilktton 

35 column. Dimethyl tenqjhdialate and ethylene glycol was charged to the vessel under a 35 
nitrogen atmosphere with the catalyst in a proportion of 480:382:0.02—0.4 g. The 
mixture was heated to 200*^C and maintained at this temperature until distillation of 
the methanol had stopped. The time taken was approximatdy 2 hours. In certain 
cases, it was found that the catalyst was not effective for ester interchange, so bis- 

40 (ediylene giycol)terephthalate obtained by either direct esterification or by manganese 40 
acetate catalysed ester interchange was obtained. 

Two general polycondensation procoiures were used. In the first method a glass 
polycondensation vessel was used which was fitted with a nitrogen inlet dipping betow 
the level of die reactants, thereby effecting agitation. There was also provision of a 

45 vacuum offtake and condensing arrangements for volatile materials. 45 
In ±e second method a stainless steel autoclave was used, which was provided with 
a double helical metal stirrer. The bis(ediylene glycol) ester was charged to the poly- 
condensation vessel. 

Optionally at this stage, 2.4 parts of titanium dioxide were then added. The tem- 
50 perature was tihen raised to 280°C Pressure within the vessel was then reduced to 0.5 50 
nun of mercury absolute over a period of 30 minutes, and heating was continued for 3 
hours at 280^C in the glass vessel or 1^ hours in the steel vessel The p<xlymeric reac* 
don product was extruded onto chill-cast rollers and the intrinsic viscosi^ was 
measured. 

53 Examples 1 to 26. 55 

A series of zinc-containing catalysts were prq)ared by the techniques described 
above using various ligands containing phosphorus or arsenic These were used for both 
ester inteidiange and polycondensation in a stainless sted autodave. The zinc com- 
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NOTES ON TABLE n 

Example 

26^ The manganese phosphinatc polymer was a ligbt pink solid, m.p. >320OQ 

29 S^^a^ge molecular weight of manganese polymer: aRpna. 2O0O. m.p.: 
19PC soluble in chloroform. Polycondensation cycle omc: 60 nunutes. 

30 Although a trivalent manganese salt was used for the preparation, marncnc 
sS^iUty^uremente indicated that the manganese polymer contamcd 
Mn'+ Ester interchange cycle time : 140 minutes. 

31 Ester int«change cyde time : 180 minutes. 

32 Polycondensation cycle time: 60 minutes. 

34 A repeat of Example 3 1 using different method of catalyst preparaaon. 

Examples 35 tx) 41. . 
This croup of Examples demonstrates the use of simple and polymenc compounds 
of aSetfof metals. In all cases die general procedure of tib^^ 
followed and in each case die metal compound was used as both ester "^^^^^ 
^^lycondensadon catalyst, rfiough in several cases the EI cycle tune was mconvenicndy 

Results are summarised in Table III. 



'U38,091 
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Polyester 
Colour 


white 

white 

ydlow 
white 

white 

slighdy 
cream 

ydlow 


Intrinsic 
Viscosity 


of 
Polyester 


0.38 

0.5 

0.57 
0.68 

0.5 

0.7 

0.69 


1 

U 


tune 
(mins) 


S S 8 S S S g 


EI cycle 


tune 
(mins) 


210 

960 

210 
18hrs 

350 

300 

130 


Catalyst 
Wdght 


0.66 

0.32 

0.1336 
0.163 

0.2092 

0.176 

0.24 


Number 
Average 


jvioi WL or 
Catalyst 


-H -H 4^ 


Method Of 
Preparation 


o.y_-*<j o o a 


EI & PC Catalyst 


Caldum ethyl ethane phosphinate from 
acetate and ester at 200 ''C 

Sodium ethyl ediane phosphinate from 
acetate and ester at 200 ""C 

Ti(Mc,Ph)Phosphinate polymer 

AI(Me^e)Phosphinate from 
acetylacetonate and add 

La(Me,Ph)Phosphinate from acetate and 
3 moles of add at 200 ''C 

La(Me J>h)Phosphinate acetate from 
acetate and 2 moles of add at 200 "C 

Pb(McJh)Phosphinate 




No. 


^ !^ 9 9 



^ ^ 
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13 1,338,091 



The polymer is beUeved to be formed of repeat units having the structure 
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fDreoared as described in the specification of U.S. patent No. 3.403,176) and U2 
ph^ySphosphinic^add were di«olved in ^1^^?^^^^^,^ 
Le was airrcd under nitrogen for 1 hour, and then the benzene/isopropyl i^ccAol was 
r^o^ rSiShcric prLure by distillation leaving a white polymenc pttxluct u> 

98% yield. 

Analj-sis: Calculated [CHssCP^Ti] Found 
C 49.71 48.40 

H 4.33 4J9 

■n 7.34 7J4 



10 



C6M5 



V O >CH2 



o o , 



X 

CH3 C5H5 



Po^y^J^^.. ^„ „ described in Example 1 but using a Pc cycle time at 
piodua had an intrinsic viscosity of 0.71. 



7A^Jr^*?^^pr^uction of polyesters by the polycondensation of polycon- 

die Liaining co^'nation and valency ^^J^'^'^^'^.^^^^^,^^ 
hy^ot mfic odier Ugands, the said anionic hgand bemg an amon of an acid havmg 

25 the structure 

X. ■ 



H— O— Z=0 
I 

X. 

where Xi is — R or —OR. and Xs is R or a group of structure H 

X. 

_R'__Z-0- 

ii 
o 



25 



n 




where R is a monovalent hydrocarbyl group or substituted derivative therrof, R' 
is a divaloit hydrocarbon group or diether group, or substituted derivative dioeof, 
and Z is a Groi^ Vb element having an atomic number greater than 7. 

2. A process according to Haim l in which the ca^yst is at least xm& simple or 

5 poljnoieric compound containing at least two maal atoms,, each metal atran being linked 5 
to its nei^ibour by at least one anionic bidentate catenating ligand derived from an 
add of structure 1. 

3. A process •according to claim 1 or claim 2 in which the catalyst is a polymer 
containing repeating units of the structure 
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M 



X, 
I 

1-0-2-0 -)< 



M 



10 



where Z and Xi and Xs are defined as in claim 1, M is a metal atom, 
a is 1 to 4 

b is a positive integer. 

4. A process according to any one of claims 1 to 3 in which tiiie metal is selected 

15 from zinc, manganese^ zirconium, aluminium, lanthanum, tin, and zinc/cobalt mixtures. 15 

5. A process according to any one of claims 1 to 6 in which the catalyst is a poly- 
meric compound having a number average molecular wdgjit up to 4000. 

6. A process for the production of polyesters in whidi a bis(dihydric alcohol) ester 
«of an aromatic dicaiboxylic acid is prepared by ester interchange between a di-alkyl 

20 ester of the aromatic dicarbozylic add and a dihydric alcohol, said ester interchange 20 
being catalysed by the catalyst described in any one of daims 1 to 5, the metal being 
sderted from zinc, manganese, calcium, sodium, titanium, aluminium, lanthammi, lead, 
cobalt, iron and cadmium and in whidi the bis(dihydric alcohol) ester of an aromatic 
dicarboxyiic acid is then converted to polyester by pdycondensation, the same catalyst 

25 being used in die polycondensadon reaction. 25 

7. A process for the production of polyesters, substantially as described in Ex- 
an^>les 1, 5, 7, 11, 16, 18, 22, 23, 35 and 52. 

8. A process for the production of polyesters substantially as described in Ex- 
amples 2—5, 8—10, 12, 13, 15, 17, 19—21, 24—34, 36—51. 

30 9. Polyesters whenever produced by processes according to any one of daims 1 30 

to 8. 

10. Fibres, fihns or other shaped ardcles formed from polyesters according to 
daim 9. 

NL. JONES, 
Agent for Applicants. 
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